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(54) Maximum-ratio synthetic transmission diversity device 

(57) Antenna elements (20) are arranged at inter- 
vals "d" greater than ?72, e.g.. 5X. A signal received by 
an antenna element (20) is sent by way of an antenna 
multiplexer (21) to a receiver (23). where the signal is 
demodulated. The thus-demodulated signal is sent to a 
phase-and-power detection section (25). where a phase 
and power of the signal are detected. On the basis of 
the result of such detection, a control section (26) calcu- 
lates the phase and power of a transmission signal. On 
the basis of the result of the calculation, a transmission 
signal generation circuit (27) transmits a transmission 
signal to each of the antenna elements (20) by way of 
the antenna multiplexer (21). 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a maximum-ratio ' 5 
synthetic transmission diversity device suitable for use 
in mobile communications, such as communications 
carried out by a personal handy-phone system (PHS). 

An array antenna is one type of conventional trans- 
mission antenna and comprises phased-array anten- w 
nas. adaptive-array antennas, or the like. Another type 
of conventional transmission antenna is an antenna 
selection diversity antenna. The phased-array antenna 
usually has a configuration such as that shown in Figure 

8. 75 

In the drawing, reference numeral 1 designates a 
. plurality of antenna elements; 2 designates a phase 
shifter: 3 designates an antenna multiplexer (or switch); 
4 designates a receiver; 5 designates a transmitter; and 
6 designates a control section. The phase shifter 2 has 20 
the function of controlling the phase of a transmission 
signal and is provided for a power feeding section of 
each antenna element 1 . The control section 6 controls 
the phase shifters 2. 

The phase of a signal to be transmitted to each 25 
antenna element 1 is adjusted by the control section 6 
controlling each phase shifter 2 so as to synthesize the 
phases of the transmission signals in space, thus form- 
ing a wave beam 7 in a predetermined direction and 
improving the gain of the antenna. 3c 

In such a case, there exists a need to arrange the 
antenna elements 1 at intervals of }J2 {k is a wavelength 
of . a wave to be used) or less. Taking the number of 
antenna elements i as N, the gain of the antenna in the 
predetermined direction can be improved by a factor of 35 
N. 

As mentioned above, although the wave beam 
formed by the phased-array antenna can be adaptively 
controlled depending on a change in a wave environ- 
ment, the wave beam is not widely utilized, because of 40 
its inherent problems, such as the length of an adaptive 
time or the accuracy of the phase shifter. 

To eliminate these drawbacks in the conventional 
phased-array antenna, an adaptive array technique has 
already been developed. Figure 9 shows an exemplary 45 
configuration of a conventional adaptive array antenna. 
In the drawing, reference numeral 10 designates a plu- 
rality of antenna elements; 1 1 designates an antenna 
multiplexer; 12 designates a trans'- -rtter; 13 designates 
a receiver; 14 designates a digtta; signal processing 50 
section; 15 designates a phase-and-power detection 
section; 16 designates a transmission signal generation 
circuit; and 17 designates a control section. 

As shown in Figure 9. the adaptive array antenna 
also comprises the plurality of antennas 10 arranged at 55 
intervals "d" equal to or less than k/2, as in the case of 
the phased-array antenna. A signal received by each 
antenna element 10 is demodulated by the receiver 13. 



and the control section 17 calculates the phase and 
power of the transmission signal on the basis of the 
phase and power of the signal detected from the 
demodulated signal by the phase-and-power detection 
section 15. Depending on the thus-calculated phase 
and power of the transmission signal, the transmitter 12 
demodulates a transmission signal generated by the 
transmission signal generation circuit 16. The thus- 
demodulated signals are fed to the antenna elements 
10. so that the transmission signal is synthesized in 
space. This adaptive array technique solves the inher- 
ent drawbacks of the phased-array antenna, such as 
the length of an adaptive time or the accuracy of phase 
control 

In order to reduce an inter-antenna correlation coef- 
ficient, the antenna selective diversity device comprises 
a plurality of antenna elements arranged at intervals of 
)J2 or more and adopts a method of selecting an 
antenna element to be used for transmission on the 
basis of the level of the power received by the plurality 
of antenna elements or the like. A relationship between 
the correlation coefficient and the interval among the 
antenna elements assumes a curve such as that plotted 
in Figure 10. In a case where the antenna elements are 
arranged at intervals of }J2 or more, the correlation 
coefficient among the antenna elements can be 
reduced. However, in such a case, since the individual 
antenna elements are susceptible to a varying fading 
phenomenon, the influence of the fading phenomenon 
on the antenna elements can be diminished by selec- 
tion of the antenna elements in a manner as shown in 
Figure 11 . In Figure 1 1 , the horizontal axis represents 
time and the vertical axis represents a receiving level of 
each antenna element. 

The conventional transmission antennas men- 
tioned previously suffer the following problems: 

First; the phased-array antenna Is intended to form 
a wave beam in a predetermined direction, and hence 
the antenna elements must be arranged at intervals of 
}J2 or less. Because of such a cortfiguration, there is a 
high correlation coefficient among the antenna ele- 
ments, and the antenna elements are subjected to the 
influence of a fading phenomenon, thus deteriorating 
the characteristics of the phased-array antenna. 

The antenna selective diversity device employs a 
method of transmitting a signal by selection of one 
antenna element from a plurality of antenna elements 
on the basis of the power of signals received by the 
antenna elements. When compared with the gain of the 
array antenna obtained through synthesis of phases, 
there is a slight improvement in the receive power of a 
mobile terminal (i.e., an improvement in the gain of the 
antenna). Particularly, in a fading-free environment of 
superior visibility, there is no improvement in the receive 
power of the terminal. 
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SUMMARY OF THE INVENTION 

The object of the present invention is to overcome 
the foregoing drawbacks of the conventional array 
antennas and those of the conventional antenna selec- s 
tion diversity devices mentioned previously, as well as to 
provide a maximum-ratio synthetic transmission diver- 
sity device which permits an improvement in an antenna 
gain of an array antenna and accomplishment of a 
space diversity effect stemming from a reduction in the tc 
correlation among antenna elements. 

To accomplish the foregoing object, a maximum- 
ratio synthetic transmission diversity device, according 
to the present invention, comprises a plurality of 
antenna elements which are arranged intervals greater ;£ 
than )J2 (where k represents the wavelength of a wave 
to be used); a plurality of transmitters and receivers pro- 
vided so as to correspond to the respective antenna ele- 
ments; antenna multiplexing means for selectively 
connecting the antenna elements with one of the receiv- 20 
ers and transmitters, respectively; and signal process- 
ing means which detects the phase of the signal 
received by each of the receivers and sends a transmis- 
sion signal having a phase corresponding to the result 
of such detection to each of the transmitters, where the 2s 
transmission signal is transmitted by way of each of the 
antenna elements. 

A personal handy-phone system, according to the 
present invention, uses a maximum-ratio synthetic 
transmission diversity device as a base station, the 30 
diversity device comprising a plurality of antenna ele- 
ments which are arranged intervals greater than )J2 
(where /. represents the wavelength of a wave to be 
used); a plurality of transmitters and receivers provided 
so as to correspond to the respective antenna ele- 35 
ments; antenna multiplexing means for selectively con- 
necting the antenna elements with one of the receivers 
and transmitters, respectively; and signal processing 
means which detects the phase of the signal received 
by each of the receivers and sends a transmission sig- 40 
nal having a phase corresponding to the result of such 
detection to each of the transmitters, where the trans- 
mission signal is transmitted by way of each of the 
antenna elements. 

In each of the foregoing inventions, in addition to 45 
the phase of the signal, the power of the received signal 
may be detected, and a transmission signal having a 
phase and power corresponding to the result of such 
detection may be sent to each of the transmitters, where 
the transmission signal is transmitted by way of each of so 
the antenna elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram showing an embodi- 55 
ment for carrying out the present invention; 
Figures 2A and 2B are schematic representations 
showing exemplary layouts of antenna elements 
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according to the present invention; 
Figure 3 is a chart showing one example of a radia- 
tion pattern of an antenna element of a conven- 
tional transmission antenna device: 
Figure 4 is a chart showing one example of a radia- 
tion pattern of an antenna element according to the 
present invention; 

Figure 5 is a block diagram showing an embodi- 
ment of the present invention; 
Figure 6 is a graph which is plotted through compu- 
tational simulation and shows antenna and diversity 
gains of a conventional space diversity antenna; 
Figure 7 is a graph which is plotted through compu- 
tational simulation and shows antenna and diversity 
gains of the antenna element according to the 
present invention; 

Figure 8 is a block diagram showing the configura- 
tion of a conventional phased-array antenna; 
Figure 9 is a block diagram showing the configura- 
tion of a conventional adaptive array antenna; 
Figure 10 is a graph showing a relationship 
between intervals among antenna elements and a 
correlation coefficient of a conventional antenna 
selection diversity device; 

Figure 1 1 is a plot showing the state of selection of 
the antenna element of the antenna selection diver- 
sity device: 

Figure 12 is a schematic representation showing an 
example of layout of four antenna elements; and 
Figure 13 is a schematic representation showing 
timing at which slots are transmitted or received 
between a base station and a mobile station of a 
PHS according to the TDMA/TDD method. 

DETAILED DESCRIPTION OF THE PREFERRFD 
EMBODIMENTS 

In an embodiment for carrying out the present 
invention, for example, a plurality of antenna elements 

20 are arranged at intervals greater than V2 in a man- 
ner such as that shown in Figure 1 . Reference numeral 

21 designates an antenna multiplexer (or a switch) used 
for causing a transmitter 22 and a receiver 23 to selec- 
tively share the antenna element 20. A received signal 
is sent to the receiver 23. where the signal is demodu- 
lated. The thus-demodulated signal is sent to a phase- 
and-power detection section 25 provided within a digital 
signal processing section 24, where the power and 
phase of the received signal are detected. On the basis 
of the result of such detection, a control section 26 cal- 
culates the phase and power of a transmission signal 
and sends the calculation result to a transmission signal 
generation circuit 27. The transmission signal genera- 
tion circuit 27 produces a transmission signal having a 
phase and power equivalent to those calculated by the 
control section. The transmission signal is then modu- 
lated by the transmitter 22. and the modulated signal is 
transmitted from each antenna element 20 via the 
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antenna multiplexer 21 . 

In the device according to the present invention 
shown in Figure 1 . as a result of the antenna elements 
being arranged at intervals greater than }J2. the device 
is characterized by the antenna gain stemming from ' s 
phase synthesis which characterizes the array antenna, 
as well as by the space diversity gain of the antenna 
selection diversity device. 

The antenna elements 20 are arranged in. e.g.. lay- 
outs such as those shown in Figures 2A and 2B. Figure w 
3 shows one example of an antenna radiation pattern 
with regard to a conventional antenna selection diversity 
device having four antenna elements arranged at inter- 
vals "d" of }J2 or less. Figure 4 shows one example of an 
antenna radiation pattern with regard to the foregoing 75 
device according to the present invention having 
antenna elements arranged at intervals of }J2 or more. 
As is obvious from Figure 4. in a case where antenna 
elements are arranged at intervals greater than }J2 in a 
manner analogous to that employed by the present 20 
invention, a wave radiation beam assigned directivity in 
a predetermined direction is not formed, but there is 
formed a radiation pattern having a plurality of substan- 
tially equal peaks in every direction (or through 360**). 
Therefore, the antenna becomes omnidirectional. Fur- 25 
ther. the gain of such an antenna is the same as that of 
an antenna having antenna elements arranged at inter- 
vals of Xf2 or less. 

Figure 5 shcv-'s an embodiment of a maximum-ratio 
synthetic transmission diversity device according to the 30 
present invention. In the drawing, reference numerals 
31a to 3id designate antenna elements used for both 
transmission and receiving purposes. The antenna ele- 
ments are arranged at intervals "d" greater than }J2, 
e.g.. 5a. 35 

Reference numerals 33a through 33d designate 
receivers, and 34a and 34b designate transmitters. The 
receivers and transmitters are connected to antenna 
elements 31 a through 31 d by way of antenna multiplex- 
ers (or switches) 32a through 32d. respectively. Refer- 4o 
ence numerals 35a through 35d designate analog-to- 
digital converters: 36a through 36d designate digital-to- 
analog converters; 37 designates a signal processor; 
and 38 designates a control section. A phase-and- 
power detection section is provided within each signal 45 
processor 37 for detecting a received phase and power 
detected for each antenna channel. Outputs from the 
receivers 33a through 33d are converted into digital sig- 
nals by means of the analog-to-digital converters 35a 
through 35d. The thus-converted digital signals are fed so 
to the signal processor 37a. In contrast, a digital trans- 
mission signal output from the control section 38 is con- 
verted into an analog signal by means of the digital-to- 
analog converters 36a through 36d. and the thus-con- 
verted analog signal is delivered to the transmitters 34a 55 
through 34d. 

Although in the present embodiment four antenna 
channels "a" to "d" are provided for the diversity device. 



the operation of only one channel "a" of the antenna 
channels will be described. Since the other channels "b" 
to "d" operate in the same manner, explanations of their 
operations will be omitted here. 

A signal received by the antenna element 31 a is 
sent to the receiver 33a by way of the antenna multi- 
plexer 32a controlled by the control section 38. The 
receiver 33a demodulates the received signal, and the 
analog-to-digital converter 34a converts the demodu- 
lated signal into a digital signal. The digital signal is sent 
to the signal processor section 37. 

The signal processor 37 detects the relative phase 
and power of the signal received by each of the antenna 
elements 31a to 31 d. On the basis of such detection, for 
each antenna element the signal processor section 37 
calculates the relative phase and power of a transmis- 
sion signal which are optimum for transmission. Data 
regarding the relative phase and power are sent to the 
control section 28. 

The control section 38 produces a transmission sig- 
nal on the basis of calculated data and a weighting coef- 
ficient of each antenna element and sends the thus- 
produced transmission signal to a digital-to-analog con- 
verter 36a, where the transmission signal is converted 
into an analog signal. The analog signal is then modu- 
lated by the transmitter 34a, and the thus-modulated 
signal is sent to the antenna element 31a by way of the 
antenna multiplexer 32a. 

Through execution of the foregoing operations for 
each antenna element, the diversity device can achieve 
both the antenna gain characterizing the phased-array 
antenna and the space diversity characteristics. 

Figures 6 and 7 are graphs showing computational 
simulation results of the antenna gain (i.e.. power gain) 
and an improvement in CNR (Carrier-to-Noise Ratio, i.e. 
a diversity gain) of a slave station with regard to a con- 
ventional space diversity system having four antenna 
elements 31 a to 32d arranged at intervals of "d" < }J2 
and with regard to the maximum-ratio synthetic trans- 
mission diversity device according to the present inven- 
tion having the antenna elements arranged at intervals 
"d" > ki2. 

As is obvious from Figure 7. provided that the 
antenna elements are arranged at intervals greater than 
}J2 in the manner analogous to that employed in the 
embodiment and that a transmission signal whose 
phase and power are optimum for transmission is sent 
via each of the antenna elements, there is obtained an 
antenna gain of about 6 dB. In contrast, in the case of 
the conventional space diversity system shown in Fig- 
ure 6. the antenna gain is 3 dB on average. Therefore, it 
can be understood that the present invention enables 
an improvement of about 3dB in the antenna gain. Fur- 
ther, if an attempt is made to reduce the antenna gain to 
substantially the same as that of the conventional space 
diversity antenna, power can be saved in an amount of 
about 3 dB. 

As apparent form Figures 6 and 7, improvement of 
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CNR (a diversity gain) in a mobile station (slave station) 
is about 10.44 dB in average in the conventional device, 
while the same is about l3.62dB in average in the 
present invention. According to the invention, the CNR 
is improved about 3dB as the antenna gain. 

The maximum-ratio synthetic transmission diversity 2. 
device according to the present invention is suitable for 
mobile communication, particularly tor a PHS (personal 
handy-phone system) base station in which the base 
station communicates with a mobile station through use to 
of the same frequency according to a TDD method. 

The PHS system employs a TDMA/TDD method 
(Time Division Multiple Access/Time Division Duplex) 
which is shown in Figure 13 and represents timing at 
which slots are exchanged between the base station 75 
and the mobile station. In short, communications are 
established between the base station and the mobile 3. 
station through use of the same frequency by shifting a 
transmission time (or receiving time). Since the same 
frequency is used for both the base and mobile stations. 20 
the phase and power of a transmission signal can be 
readily acquired on the basis of information regarding 
the phase and power of the received signal. Accord- 
ingly, the present invention is suitable for the TDD 
method. 2s 

As has been described above, according to the 
present invention, a transmission diversity device com- 
prises a plurality of antenna elements at intervals 
greater than 'k/2, and hence the device has both the 
characteristics; that is. the antenna gain stemming from 3C 
phase synthesis which characterizes the array antenna, 
and the space diversity gain of the antenna selection 
diversity device. Particularly, the present invention can 
provide a maximum-ratio synthetic transmission diver- 
sity device optimum particularly for use with a PHS base 35 
station. 

Claims 

1. A maximum-ratio synthetic transmission diversity 40 
device comprising: 4. 

a plurality of antenna elements (20. 31a-3ld) 
which are arranged intervals greater than }J2 
(where k represents the wavelength of a wave 45 
to be used); 

a plurality of transmitters (22.34a-34d) and 
receivers (33a-33d) provided so as to corre- 
spond to the respective antenna elements 
(31a-31d); 50 
antenna multiplexing means (2l.32a-d) for 
selectively connecting the elements (20,31a- 
3ld) with one of the receivers (33a-33d) and 
transmitters {22.34a-34d), respectively; and 
signal processing means (24,37) which detects ss 
the phase of the signal (25a) received by each 
of the receivers (33a-33d) and sends a trans- 
mission signal (27) having a phase corre- 



sponding to the result of such detection to each 
of the transmitters (22,34a-34d). where the 
transmission signal is transmitted by way of 
each of the antenna elements (3ia-3ld). 

The maximum-ratio synthetic transmission diversity 
device as claimed in claim 1, wherein the signal 
processing means (24.37) detects the power of the 
signal received by each of the receivers in addition 
to the phase of the signal (25) and sends a trans- 
mission signal (27) having a phase and power cor- 
responding to the result of such detection to each of 
the transmitters (22,34a-34d). where the transmis- 
sion signal is transmitted by way of each of the 
antenna elemerrts (20.34a-34d). 

A personal handy-phone system which uses a max- 
imum-ratio synthetic transmission diversity device 
as a base station, the diversity device comprising; 

a plurality of antenna elements (20) which are 
arranged intervals greater than }J2 (where k 
represents the wavelength of a wave to be 
used); 

a plurality of transmitters (34a-34d) and receiv- 
ers (33a-33d) provided so as to correspond to 
the respective antenna elements (3la-3Td); 
antenna multiplexing means (2l,32a-d) for 
selectively connecting the antenna elements 
(31a-31d) with one of the receivers (33a-33d) 
and transmitters (34a-34d), respectively; and 
signal processing means (24,37) which detects 
the phase of the signal (25) received by each of 
the receivers (33a-33d) and sends a transmis- 
sion signal (27) having a phase corresponding 
to the result of such detection to each of the 
transmitters. (34a-34d). where the transmis- 
sion signal is transmitted by way of each of the 
antenna elements (31a-31d). 

The personal handy-phone system as claimed in 
claim 3, wherein the signal processing means 
(24.37) detects the power of the signal (25) 
received by each of the receivers (33a-33d) in addi- 
tion to the phase of the signal and sends a trans- 
mission signal (27) having a phase and power 
corresponding to the result of such detection (25) to 
each of the transmitters (34a-34d), where the trans- 
mission signal is transmitted by way of each of the 
antenna elemerrts (3la-3ld). 



5 



EP 0 881 782 A2 



FIG. 1 



DIGITAL SIGNAL PROCESSING SECTION 



26 



CONTROL 
SECTION 



27 



TRANSMISSION SIGNAL 
GENERATION CIRCUIT 



25 



PHASE-AND-POWER 
DETECTION SECTION 



27 



TRANSMISSION SIGNAL 
GENERATION CIRCUIT 



25 



PHASE-AND-POWER 
DETECTION SECTION 



27 

/ 



TRANSMISSION SIGNAL 
GENERATION CIRCUIT 



25 

) 



PHASE-AND-POWER 
DETECTION SECTION 



22 



TRANSMITTER 



23 



21 



ANTENNA 
MULTIPLEXER 



RECEIVER 



TRANSMITTER 



ANTENNA 
MULTIPLEXER 



RECEIVER 



24 



TRANSMITTER 



□l 



ANTENNA 
MULTIPLEXER 



RECEIVER 



V~20 




FIG. 2A Q- 

d 



d>X/2 



FIG. 2B 



d> A/2 



O 



6 



EP 0 881 782 A2 

FIG. 3 




ANTENNA INTERVAL=0.4^ 
NUMBER OF ANTENNAS=4 



EP 0 881 782 A2 




8 



EP 0 881 782 A2 



FIG. 5 



37 

/ 

SIGNAL 
PROCESSOR 
I 

38 

, 4 L 

CONTROL _ 
SECTION 



35a 

) 

AD 

CONVERTER 



DA 

CONVE RTER 

r~ 

35b 36a 

_J 



AD 

CONVERTER 



DA 

CONVERTER 



35c 
_L_ 



36b 



AD 

CONVERTER 



DA 

CONVERTER 



35d 



36c 



AD 

CONVERTER 



DA 

CONVER TER 

P- 

36d 



33a 

_L_ 



RECEIVER 



34a 

_J_ 



TRANSMITTER 



33b 



RECEIVER 



34b 

_L_ 



TRANSMITTER 



33c 
_L_ 



RECEIVER 



34c 



TRANSMITTER 



33d 
_jL- 



RECEIVER 



34d 

_L_ 



TRANSMITTER 



32a 
_L_ 



32b 

/ 



O 



O 



32c 



32d 

) 



o 



31a— 



31b~ 



31c~ 



V7 



31d~ 



9 



EP 0 881 782 A2 



CD 
CO 



o 

CM 



CO 



o 

Q- 



GQ 

If 



o 



CO 

I— 
o 

—J 

CO 

o 

m 

CQ 
ZD 



o 
o 
o 

GO 



O 

o 
o 

CO 



CO ^ 

^ o 
<c ^ 

CE CO 
LU CC 

O > 
Q_ Q 



O 
O 

o 



o 
o 
o 

CM 



CD 



O 

o 

CD 
GO 



O 
O 

o 

CO 



o 
o 
o 



o 
o 
o 

CM 



o 

CO 



o 

LO 



10 



I 

, EP 0 881 782 A2 



o 

X 
CO 

I— 
o 

CO CM 



CO 



CsJ 



"O 

■ CO 
CO ^ 

Jl 

CO ^ 

^ o 
< >- 

O t 

OC CO 



CO 



CO 



CO 
C5 



cr> 



C\J 

o 



o 

C\J 



o 

CO 



o 



o 
to 



CO 



o 



o 

LU 

DC 

LU 
> 

<: 
I 

LU 
CC 



OC 
LU 
CO 
2 



11 



EP 0 881 782 A2 




12 



EP 0 881 782 A2 



FIG. 9 



DIGITAL SIGNAL PROCESSING SECTION 



17 



CONTROL 
SECTION 



16 



TRANSMISSION SIGNAL 
GENERATION CIRCUIT 



15 



PHASE-AND-POWER 
DETECTION SECTION 



16 



TRANSMISSION SIGNAL 
GENERATION CIRCUIT 



15 



PHASE-AND-POWER 
DETECTION SECTION 



16 



TRANSMISSION SIGNAL 
GENERATION CIRCUIT 



15 

_jL 



PHASE-AND-POWER 
DETECTION SECTION 



12 



TRANSMITTER 



13 



11 



ANTENNA 
MULTIPLEXER 



RECEIVER 



12 



TRANSMITTER 



13 



11 



ANTENNA 
MULTIPLEXER 



RECEIVER 



-14 



12 

J_ 



TRANSMITTER 



13 



Q. 



11 



ANTENNA 
MULTIPLEXER 



RECEIVER 



^-10 



13 



EP 0 881 782 A2 




CORRELATION COEFFICIENT 



14 



EP 0 881 782 A2 



FIG: 1 1 




TIME 



FIG. 12 

31a 

O 

31c 

G- 



31b 



ANTENNA 
3^jj ELEMENT 



FIG. 13 



BASE STATION 
MOBILE STATION 




IDENTICAL FREQUENCY 
TDMAyTDD 



15 



